by the positive charge of the zinc ion to adopt the outward conformation to release the proton to bulk water. Subsequently it flips back to the original position.
The distance from W Zn to His64 is too long for a direct proton transfer. Rather, the proton is shuttled from W Zn to His64 via two bridging water molecules (W1 and W2; Fig. 1a ). The series of intermediate structures studied show that the water molecule next to W Zn (W1) is absent when His64 is in the outward position (Fig. 1b) 0 . The second position, W2 0 , is related to the flipping of the histidine to the outward conformation, which allows more space.
His64 then accepts the proton from W Zn through W1 and W2. At this stage His64 adopts its outward facing conformation to release its proton, which leads to changes in the water structure. W Zn is now able to make a nucleophilic attack on the carbon of the carbon dioxide to yield bicarbonate (Fig. 1c) . The binding of the bicarbonate is not optimal since it is liganded to the zinc ion by its protonated oxygen but not a negatively charged one. The protonated oxygen is forced to remain at the zinc due to its hydrogen bond to the obligate hydrogen-bond acceptor O1 of Thr199. This makes the binding weak, and three water molecules then readily displace the bicarbonate. This completes the catalytic process.
The high rate of the enzyme is evidently due to the weak binding of the substrates, as well as the firm structure of its active site, the only moving part being His64. Easily moving water molecules during catalysis are also a requirement for the high rate.
